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Location of production has been shown to affect the nutritive value of barley for grow-
ing pigs, but there is a lack of information regarding the effect of this factor on pig 
performance. The barley variety “Riviera” was produced at nine different locations in 
Northern Ireland and formulated into diets (barley, soyabean meal and tallow at 650, 
283 and 30 g/kg, respectively) for growing pigs. Diets were offered ad libitum to a total 
of 72 individually housed pigs from 8 to 11 weeks of age. Average start and end weights 
were 19 and 34 kg, respectively. Location of production had no significant effect on ani-
mal performance although a wide range was observed, which may be important under 
commercial conditions. Barley specific weight was not strongly correlated (r2 < 0.10) 
with any performance trait indicating that an alternative means of predicting the nutri-
tive value of barely for pigs is required. A significant positive relationship was observed 
between barley β-glucan concentration and feed conversion ratio (r2 = 0.65).
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Introduction
The results of previous experiments 
(McCann et al., 2001a; McCann, McEvoy 
and McCracken, 2001b) indicated that the 
barley variety Riviera was slightly superior 
to the variety Dandy in terms of overall 
digestibility of dry matter (DM) and ener-
gy and in digestible energy (DE) concen-
tration. Differences were also observed in 
digestibility assessments at both the ileal 
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and overall level resulting from location 
of production of both Riviera and Dandy. 
The soil type and cultivation location can 
affect the nutritive value of barley (Valaja 
et al., 1997). However, there is a lack of 
information in the literature regarding 
the effect of location of production of 
spring barley on the nutritive value and 
performance of growing pigs offered bar-
ley-based diets.
Materials and Methods
Performance trial
Seventy-two crossbred (Large White × 
Landrace) pigs were selected at 46 days of 
age on the basis of litter weight and gender 
and allocated to nine treatments in eight 
blocks. Pigs were randomly allocated to 
individual pens and offered a commercial 
diet for 10 days to allow adjustment to sur-
roundings. The pigs were weighed on two 
consecutive days prior to the start of the 
experiment. On the first day of the 3-week 
experimental period, pigs were allocated to 
experimental diets formulated from Riviera 
barley produced at nine locations across 
Northern Ireland (Coleraine, Limavady, 
Londonderry, Castlewellan, Donaghcloney, 
Greyabbey, Armagh, Comber and Killough). 
One sample of barley (250 kg) was obtained 
for each location. Diet formulation (g/kg) 
was: barley 650, soyabean 283.4, limestone 
12, dicalcium phosphate 8.8, salt 3.3 tallow 
30, binder (Exal-H; Groupo Tolsa, France) 
8.5, minerals and vitamins (Pig 2.2; Nutec 
Ltd, Dublin) 2.0, and titanium oxide (used 
as indigestible marker) 2.0.
The pigs were arranged in a nine (loca-
tion) × eight (block) randomised block 
design. Block 1 consisted of the nine heavi-
est male pigs, block 2 consisted of the nine 
heaviest female pigs, block 3 consisted of 
the next nine heaviest males, block 4 con-
sisted of the next nine heaviest females and 
so on until block 8. This gave eight pigs per 
treatment (4 male, 4 female). Pigs were fed 
ad libitum and intake was measured daily 
and weight gain calculated weekly.
Analysis of variance for initial weight, 
final weight, live-weight gain (LWG), daily 
intake (DMI) and feed conversion ratio 
(FCR) (based on DMI) was conducted 
using Genstat 5 (1993). The model includ-
ed the effect of block and location and the 
individual pig was the experimental unit. 
Simple regression analysis was carried out 
to establish relationships between various 
performance traits and barley character-
istics.
Samples of barley and diets were dried 
at 80 oC, milled through a 1 mm screen 
and analysed for DM, crude protein (CP), 
oil, neutral detergent fibre (NDF) and 
ash (Association of Official Analytical 
Chemists, 1990). Specific weight (SW) of 
the barley was measured using a chon-
drometer. The β-glucan concentration 
of the barley was determined using the 
Megazyme mixed-linkage β-glucan assay 
kit (Megazyme International Ireland Ltd) 
developed by McCleary and Codd (1991). 
In vitro viscosity of the barley was deter-
mined using a Brookfield digital viscometer 
according to the method of Bedford and 
Classen (1993). Gross energy (GE) was 
determined using an isoperibol bomb calo-
rimeter (Parr, Model 1271). Starch concen-
tration was determined using the Megazyme 
International Ireland Ltd. total starch assay 
kit (amyloglucosidase/α-amylase method; 
McCleary, Gibson and Mugford, 1997). 
Total non-starch polysaccharides (NSP) 
were determined by gas chromatography 
(Pye Unicam 304) according to Englyst et 
al. (1992). Amino acid analysis was carried 
out on a LBK4400 Analyser.
Results
Chemical composition
The composition and physical parameters 
of barley are shown in Table 1. There was 
a wide range in the values for CP, oil, β-
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glucan, NDF, ash, lysine, total essential and 
non-essential amino acids, and viscosity.
The analyses of the diets as formulated 
are shown in Table 2. The variation in 
composition was reduced compared with 
the variation in the barley used, especially 
for components that showed large varia-
tion among the production locations. The 
range for gross energy concentration was 
small. The lysine concentration (mean 11.9 
g/kg DM) ranged from 11.2 (for Limavady) 
to 13.0 g/kg DM (for Greyabbey). 
Animal performance
The effect of location of production of 
barley on animal performance is shown in 
Table 3. Mean values for initial and final 
live weights were 18.9 and 34.0 kg, respec-
tively. The overall means for DMI, LWG 
and FCR were 1.32 kg/day, 0.72 kg/day 
and 1.84 kg/kg, respectively. While there 
was a considerable range in performance 
among the production locations for each 
of the traits none of these approached 
statistical significance (Table 3).
The only significant relationship detect-
ed between performance traits and chemi-
cal composition of the barley used in the 
formulation of diets was a positive rela-
tionship between β-glucan concentration 
and FCR (y = −0.012x + 2.348, s.e. (of 
regression coefficient) 3.19, r2 0.65, P < 
0.05. The relationship between barley SW 
and performance was not significant for 
any performance trait (r2 < 0.10).
Discussion
The chemical composition and specific 
weight values of the barley produced at 
the nine locations were within the expect-
ed range (Kong et al., 1995; McDonald, 
Edwards and Greenhalgh, 1995) as were 
the values obtained for animal perfor-
mance (Middaugh et al., 1989; Baidoo, 
Liu and Yungblut, 1998). The absence of 
any significant effect of location on per-
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formance parameters is attributed to the 
relatively high variability in animal perfor-
mance. The wide range in FCR (1.72 for 
Greyabbey to 1.97 for Coleraine) could 
be important in a commercial situation 
as diets formulated from barley grown 
at Greyabbey would result in lower cost 
of production if the difference observed 
was real. It would appear that the eight 
replicates per diet in this study were not 
adequate. The power of the experiment 
was calculated for FCR and it was found 
that the power of detecting a 5, 10, 15 or 
20% difference was 0.17, 0.51, 0.84 and 
0.98 respectively.  
Regression analyses revealed a positive 
relationship between β-glucan concentra-
tion and FCR, which was unexpected as 
it has been reported that a high β-glucan 
concentration has a detrimental effect on 
DE concentration of barley diets (Taylor 
et al., 1985). De Lange (2000) suggested 
that the anti-nutritive effect of NSP only 
becomes apparent when a high level is 
included in the diets of pigs. As the barley 
used for this study contained a low level 
(33.6 to 48.5 g/kg DM) of β-glucan, it is 
therefore not surprising that anti-nutri-
tive effects were not observed. It has 
been reported that almost 100% of the 
β-glucan is digested in the small intestine, 
contributing to the energy available to 
the pig (Graham, Hesselman and Aman, 
1986). Valaja et al. (1997) also suggested 
that β-glucans may have a positive influ-
ence on the nutritive value of barley 
for pigs as they found a positive rela-
tionship between β-glucan concentration 
and in vitro digestibility of CP (r2 0.37). 
Furthermore, Fairbairn et al. (1999) 
reported a positive relationship between 
β-glucan concentration and barley digest-
ible energy but the relationship was weak 
with (r2 0.15). These workers observed a 
stronger negative relationship of ADF (r2 
0.85) and NDF (r2 0.68) with DE concen-
tration, and suggested that ADF may be a 
useful indicator of barley nutritive value. 
In this study, ADF was not measured 
but there was no significant relationship 
between NDF concentration and perfor-
mance indicating that this parameter is of 
little use in predicting the nutritive value 
of barley for pigs. However, the rela-
tionships reported in the current study 
are based on a set of only nine samples, 
which would need to be increased before 
firm conclusions can be drawn. The lack 
of relationship between grain specific 
weight and animal performance has been 
reported previously (Miller et al., 2001) 
and this work further indicates the need 
for an alternative means of predicting 
grain quality.
Table 3. The effect of location of barley production on pig performance1
Initial weight (kg) Final weight (kg) DMI (kg/day) LWG (kg/day) FCR
Coleraine 18.93 33.76 1.37 0.700 1.97
Limavady 19.11 35.14 1.38 0.751 1.83
Londonderry 18.88 33.56 1.31 0.699 1.88
Castlewellan 18.89 34.06 1.31 0.722 1.83
Donaghcloney 18.47 33.44 1.31 0.716 1.86
Greyabbey 18.66 34.00 1.26 0.731 1.72
Armagh 19.38 34.94 1.34 0.741 1.81
Comber 18.84 33.19 1.30 0.683 1.92
Killough 19.06 33.94 1.29 0.735 1.76
s.e. 0.497 1.076 0.059 0.038 0.067
P 0.938 0.933 0.899 0.934 0.318
1 DMI = dry matter intake, LWG = live-weight gain, FCR= feed conversion ratio (dry matter basis).
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Although there was no significant effect 
of location of production of barley on 
pig performance, quite large numerical 
differences were observed which may be 
important both biologically and in com-
mercial pig production. Specific weight 
is not useful as a means of predicting the 
nutritive value of barley and an alternative 
to this measurement is required.
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